Abstract: Propolis has been used in traditional folk medicine for ages owing to a number of biological effects. Four propolis samples of Czech and one of Slovak origin were extracted using Soxhlet apparatus and analysed by thin-layer chromatography. Raw propolis samples and their extracts were tested by microdilution broth method to determine minimal inhibitory concentration (MIC) in eight strains of human pathogenic fungi. Raw propolis samples showed a lower in vitro antifungal activity than their extracts. In general, the petroleum ether extracts exhibited the highest in vitro antifungal activity (MIC range of 16-64 µg/ml). The content of flavonoids in the samples varied according to region. The highest amount of flavonoids was found in sample A that originated from Broumov (4%). The most susceptible to the propolis extracts were Trichophyton mentagrophytes and Candida albicans. The propolis samples of Czech and Slovak origin and their extracts showed a considerable in vitro antifungal effect which was associated especially with nonpolar petroleum ether and toluene extracts. There was only a partial correlation between flavonoids content and in vitro antifungal activity.
Introduction
Products of natural origin have been used in traditional medicine for ages and represent a potential source of new drugs. Propolis is an example of such a remedy with an interesting antimicrobial activity that has been made use of since the time of ancient Egyptians and Greeks [1] .
The flavonoids are considered the main carrier of antimicrobial properties of propolis, but chemically propolis represents a mixture of various compounds [2] . Over 250 compounds have been identified so far including alcohols, aldehydes, aliphatic and aromatic acids and their esters, and last but not least plenty of phenolic compounds such as flavonoids, chalcones, or terpenic substances [3] .
Propolis is a natural product containing plant exudates which in the northern hemisphere are collected by bees largely from buds of poplars (Populus spp.), birches (Betula spp.) and chestnut tree (Aesculus hippocastanum). However, the source of propolis in tropical countries is different and reflects differences in geological and biocenological situation which together with plant species and bee species have an impact on composition and its quality [3, 4] .
The research of biological activities of propolis is largely confined to the study of its ethanolic extract (EEP). The effects range from dermatoplastic, antiinflammatory, anticancer, detoxicant, immunomodulatory, antimutagenic, antioxidative to antimicrobial activities [1, 5] . As regards to the antimicrobial effects, propolis and its extracts inhibit or kill many infectious agents, including viruses, fungi, bacteria, and also to a less extent protozoa [1, 6] . Many of these properties are used in alternative medicine to treat skin defects, including infections, dental carries, and to support epithelisation in ulcus cruris or burns [1, [7] [8] [9] .
The majority of the separation approaches were used based on the assumption that polyphenols were responsible for the biological effects of propolis [10] . These compounds are considered to be more or less acidic and can be dissolved in polar organic solvents. Their solubility in water is limited. Standardization of extracts with regard to the identification and determination of individual components is the major drawback of studies concerning propolis.
Four samples of propolis from north-east Bohemia and one sample from the Slovakia (Bardejov) were characterized by the basic physico-chemical properties and analyzed using the proposed extraction scheme. All propolis fractions were tested for in vitro antifungal activity on a set of fungi all of which are potentially pathogenic for humans.
Experimental Procedures

Preparation and analysis of propolis samples
Propolis samples
Five samples were obtained from bee keepers in different locations (Table 1) . Mechanical impurities were removed from the samples before processing. Homogenous stock samples of raw propolis were then prepared by freezing and homogenization in a mortar with dry ice.
Separation of propolis samples
Approximately 5.0 g of homogenous raw propolis sample was subsequently extracted with the solvents of increasing polarity (petroleum ether < toluene < ethyl acetate < ethanol) in the Soxhlet extractor. The extracted samples were divided into three subfractions depending on the amount of solvent. 
Determination of flavonoid content in raw propolis
100 µl of the chloroform solution of a raw propolis sample was added to 2.5 ml of 5% ethanolic solution of aluminium chloride and diluted with ethanol to 25 ml. Absorbance was measured after 20 min at 425 nm [13] . Calibration curve was calculated for concentration range of 1 -15 mg of quercetin /L.
Determination of phenolic compounds in raw propolis
50 µl of the chloroform solution of a raw propolis sample was added to the solution of 2.5 ml of 1% sodium phosphomolybdenate in 2 M hydrochloric acid and 3 ml of 10% natrium carbonate. After 2 hours, absorbance was measured at 760 nm (Unicam Helios). Calibration curve was calculated for concentration range of 1 -4 mg of gallic acid /L.
In vitro antifungal activity assay
One The inocula were prepared from the isolates grown on Sabouraud dextrose agar (Difco) at 37°C for 24 h in yeasts and 3-14 days in moulds. The size of inoculum was determined using a Bürker chamber to get a final density of 1.0-5.0 × 10 3 yeast/ml and 1.0 × 10 4 spore/ml for yeasts and moulds, respectively.
Microdilution broth method based on the M27-A and M38-P standards [14, 15] was used. The tissue culture medium RPMI 1640 with glutamine and without bicarbonate (Sevapharma, Praha) buffered with 165 mmol/L morpholinopropanesulfonic acid (Sigma) at pH 7±0.1 was used. In vitro antifungal activity of five raw propolis samples and twelve extracts dissolved in DMSO (not exceeding 2%, v/v) and 50% aqueous ethanol (not exceeding 5%, v/v) were established, respectively. Concentrations ranging from 1 -128 mg/l were tested. If problems with solubility or precipitation of a sample in the test medium occurred maximum concentrations tested were decreased to 64 or 32 mg/l. The controls including the medium with DMSO and ethanol were involved.
Inoculated plates were incubated at 35°C in the dark and MIC values determined spectrophotometrically (iEMS Reader MF, Labsystems) as a optical density at a wavelength of 540 nm (OD 540 ) after 24 h and 48 h, in the case of T. mentagrophytes after 72 h and 120 h. MIC was defined as the concentration causing 80% and higher inhibition of growth of the strain compared to control growth.
Results
Basic physical and chemical characteristic of five samples of propolis are shown in Table 1 . All raw propolis samples had similar properties except for total flavonoid content, which ranged between 1 and 4% according to the regional origin of propolis. The highest amount of flavonoids was found in sample A that originated from Broumov.
Extraction of raw propolis yielded twelve fractions The extract ratios in the solvents used were similar for all samples with the exception of sample C and partly E. Approximately, 30% of a sample was dissolved in petroleum ether, 30% in toluene, 30% in ethyl acetate, and 10% in ethanol. In the sample C, however, toluene portion was decreased in favour of ethyl acetate (61% of sample) while in the sample E the major portions were obtained with petroleum ether and ethyl acetate (40%), and only 15% with toluene.
In general, raw propolis had a weaker in vitro antifungal activity in comparison to the majority of extracts ( Table 3 ). The antifungal activity was typically confined to the first six extracts, especially extract No. 1, except for T. asahii that was most susceptible to ethanolic extracts (No. [9] [10] [11] [12] . Regarding the fungal strains tested, T. mentagrophytes and C. albicans were the most susceptible.
The content of antimicrobial substances in the propolis extracts detected by TLC is given in Table 2 . Totally, 21 substances were detected in all extracts of the propolis samples, with 13 of them being found in all five samples. Samples C and D were characterized by the presence of 4-hydroxybenzaldehyde (10), the typical compounds (3, 7, 18, and 20) 
Discussion
Propolis is a complex mixture of compounds with a variety of biological effects, including antimicrobial activity [5] . In total, of the 21 compounds detected in our propolis samples, most of the standards (e.g. quercetin) were found in all samples (Table 2) . Compounds 7 and 18 were characteristic for sample E, and 4-hydroxybenzaldehyde was only detected in samples C and D.
To achieve more selective separation of polyphenolic compounds the system of ethyl acetate: toluene: formic acid: water (60:40:15:5) was used [11, 13] . However, there was a problem with the detection of benzoic acid in sample E, in which the acid had to be detected by gas chromatography-mass spectroscopy.
The results of TLC analysis showed that the more hydrophilic molecules (lower R f values) were extracted with more polar solvents (ethylacetate, ethanol). That was the case of caffeic acid and quercetin, and luteolin and some compounds on the start of chromatogram (probably polyphenolic condensates) in the toluene and ethyl acetate fractions, respectively.
Flavonoid content varied according to regional origin of our samples (Table 1) and was generally lower compared to the results of other authors. Bankova et al. [16] determined 35% (w/w) of flavonoids by means of HPLC, and according to Bonvehí et al. [17] the minimal amount of flavonoid substances was 22% (w/w). On the other hand, our results correspond with the findings of Woisky and Salatino [18] . These differences could be explained with the different behaviour of flavonoids towards aluminium chloride, which forms complexes of variable absorbance only with 5-hydroxy, 3-hydroxy substituted flavonoids and compounds with o-hydroxyl groups capable of chelating aluminium ion. Each intramolecular chelate has an additive effect and shifts the absorbance to a higher wave length [19] . Hence, the amount of flavonoids determined by the method using aluminium chloride can be 3 to 6 times lower than that determined by HPLC [18] .
The antimicrobial activity of propolis extracts is usually better than that of individual isolated compounds, e.g. as shown by Metzner et al. [20] , who found substantially lower values of MIC with ethanolic extract of propolis compared with that of pinocembrin (5,7-dihydroxyflavone). On the contrary, Quiroga et al. [21] showed that partially purified propolis extract had lower antifungal activity than two isolated compounds pinocembrin and galangin. In the present study, almost all extracts were more effective in inhibiting the fungal strains tested than the raw propolis samples (Table 3) . In vitro antifungal activity was largely connected with the first six extracts obtained with nonpolar solvents -petroleum ether and toluene. Antifungal potency of individual flavonoids has not been studied.
As regards the fungi tested, the most susceptible to the propolis samples, as well as their extracts, were the strains T. mentagrophytes and C. albicans (MIC range 8 -64 mg/l) while non-albicans Candida and T. asahii were the least susceptible. These results are consistent with those of Ota et al. [22] and Koc et al. [23] . Antifungal activity correlated only partially with flavonoid content in extracts, e.g. ethyl acetate fraction had relatively high content of flavonoids (Figure 1 ), but their antifungal activity was relatively low (MIC range 64 ->128 mg/l). It is generally accepted, that flavonoid substances are major antimicrobial constituents [24, 25] . Based on our results it seems that not only flavonoids, but also other components and/or its proportion in mixture are responsible for its final antimicrobial activity towards bacteria, fungi and viruses.
The inhibitory effect of propolis on pathogenic fungi, including yeasts and dermatophytes, have been described by many investigators [6, 20, 22, 26, 27] . Most of these experiments tested propolis as ethanolic extract (EEP), so it was difficult to specify a component responsible for a specific antifungal effect except for flavonoids. Other antimicrobial agents, e.g. phenolic acids and their esters, especially hydroxy and methoxy substituted derivates of cinnamic acid (E-3-phenylprop-2-enoic), further benzoic acid, chalcones (E-1,3-diphenylprop-2-en-1-ones) may participate in the antifungal properties of propolis [20, [28] [29] [30] [31] . The mechanism of antifungal action of flavonoids and other α, β-unsaturated oxocompounds probably results from the reaction of the vinylenic double bond with sulfanyl groups in enzymes, which finally interferes with the synthesis of fungal cell wall [32] .
Marked activity of propolis against dermatophytes seems to be its general characteristic no matter what its geographic origin. Our propolis samples displayed not only similar in vitro effect on T. mentagrophytes, but also the differences among individual extracts were negligible (Table 3) .
In conclusion, all five propolis samples investigated exhibited in vitro antifungal activity. As far as the constituents that are probably responsible for the antifungal effects are concerned, they are comparable with propolis samples originating from other countries reported in the literature [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Future research of propolis is needed, particularly in the field of isolation and detailed description of its biologically active compounds.
